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INTRODUCTION
In Africa, fish is a significant source of animal protein accounting for up to 80% of daily animal protein intake [1] . Fish is an important part of the household diet in Nigeria which is the most populous nation in Africa. Fish makes up around 40% of the country's protein intake, with fish consumption at 13.3 kg/person/per year. Total fish production per year is more than 1 million metric tons (313,231 metric tons from aquaculture and 759,828 metric tons from fisheries). The majority of this fish is consumed domestically, while around 10% is exported [2] .
The supply of fish in Africa is in crisis, the subSaharan African (SSA) region is the only region of the world where there is either no notable increase in per capita supply is declining and the apparent per capita fish consumption is the lowest in the world [3] . A report by Daily Trust [4] , stated that Nigerian fish production dropped in 2017. This was attributed to high cost of fish feeds, poor market, non-access to credit facilities, aquatic pests and diseases, among others. High cost of fish feeds happens to be the major setback to production of fish in Nigeria. Due to devaluation of naira by Nigerian government in 2016, in the last two years, fish farmers have shown more preference for locally produced fish feed as they can no longer afford to buy imported feed. Studies have shown that, the challenges in making fish feeds in Nigeria are not in sourcing the ingredient but on the techniques involved in formulation and processing [5] . There are two types of pellet making machines that are known universally. These are the disc-die type, and ring die type, [6] . Asians and Europeans have produced pelletizing machines of these types. Most fish feed pelletizing machines imported from Europe and America, process fish feeds by extrusion and these feeds exhibit floating characteristics. The downside is that the machines are not affordable by low income aquaculture farmers. Local production of fish feed is very crucial to the development and sustainability of aquaculture in Africa especially, in the rural areas. For aquaculture to thrive and to bridge the already existing wide gap between fish demand and supply, the vital role of locally produced fish feed in reducing production cost, thereby making fish far attractive to both private and commercial investors and ultimately boost fish production cannot be overemphasized. In other to meet the demand for fish in the market, there is need to increase the production of fish in the market. Considering the low production by the Fish farmers, this has been traced to the inadequate fish feed which is caused by the high cost of importing fish feed and fish feed making machine in the market. Hence there is need to improvise a domestic locally fabricated machine which will help meet up with the demand of fish feed in the production of fish for adequate protein in the food chain. Technological advanced pelletizing machine imported from Europe and America are too expensive and complex to operate by small and medium scale fish and livestock farmers in Nigeria. Therefore, it is necessary to design and fabricate a pelletizer that is durable, affordable and safe to operate. Also, it is essential to have a locally made fish feed pelletizing machine which is durable and affordable to small and medium scale fish and livestock farmers in the country in order to reduce the burden of high cost of imported pelletizing machine.
Therefore, this paper is majorly about the design, construction and performance evaluation of locally fabricated fish feed pelletizing machine to produced fish feed in enhancing the development, growth and expansion of aquaculture in Africa.
DESCRIPTION AND DESIGN OF THE MACHINE

Machine Description
The fish feed pelletizing machine comprises of some basic components like the hopper through which the feed meal is fed into the machine. The pelletizing chamber consists of auger or screw which propels the fish feeds towards the orifice. The fish feed pelletizing machine is powered by 5hp electric motor. The discharge output pellets are formed by compacting and forcing the fish feed through a die. The die has opening orifices through which the fish feed comes out in pellet form. Three different dies of orifice diameters of 2 mm, 4 mm and 6 mm were produced for the machine. The orthographic and isometric drawings are respectively presented in Fig. 1 (a) and 1(b).
Design Considerations and Calculations
In designing the machine, cost, corrosion, durability, overall weight and size were considered. Stainless steel was used for all parts of the machine making contact with fish feed in order to make it durable and to avoid corrosion; while the frame and other components were made with mild steel. The machine components are detachable in order to make it portable. The summary of design consideration and calculations is as follows:
Cost
The design of the fish pelletizing machine is aimed at using cheap and affordable materials for cost reduction and affordability of the pelletizing machine. Stainless steel and mild steel were the preferred choice of materials used.
Resilience
The component parts used posed the resilience properties to absorb energy, resist shock and impact loads. These properties were considered based on the ability of the pelletizing machine to resist any external shock or load.
Durability
The component parts selected are strong and durable with corrosion resistance and longer life span in order to give the users the expected satisfactions with profitable potentials of the fish pelletizing machine.
Hopper capacity
This is made of mild steel plate of 2 mm thick. It is the container in which the substrates (i.e. the materials to be pelletized) are fed through.
Industrial bearing
Two industrial bearings were placed in position with bolts and nuts on three points of the shaft. The bearings were enclosed in the bearing house through which they are bolted to the bearing seat of the pelletizing chamber. Fig. 1(a) . Orthographic drawing of the machine Fig. 1(b) . Isometric drawing of the machine
Screw design
The degree of intermeshing is determined by the shaft center line and the desired screw distance with zero clearance fully intermeshing. The design of the screw is to compromise between power and the available volume of materials for convey.
Screw speed
The degree of barrel fill has a direct effect on the screw speed, and the shear stress on the material to be pelletized. The screw speed is a factor for the determination of maximum volumetric output of the pelletizing machine and it is one of the main reasons why many manufacturers design machine to run at the maximum speed with mechanical tolerance usually 1400-1500 rpm.
Die design
The die area of a pelletizing machine is the section where the pelletizing of the materials occurs after the feed materials leave the pelletizing screw. It consists of transition, distribution and dies plate. 
Determination of the Driven Pulley Diameter
The diameter of motor is 65 mm = 6.5 cm and the motor speed chosen for electric motor is 1400 rpm.
Assuming the machine works averagely between 45% to 50% efficiency, the machine speed will be 650rpm [7] . 
Determination of Belt Length
In determining the length of belt, the relation is given as; The pulley that governs the design is the one with smallest angle of wrap [7] . 
Determination of Conveyor Weight
The conveyor is made of mild steel with length (0.14 + 0.25) = 0. 
Shaft Design
In shaft design consideration, a solid shaft is used due to the following reasons; 
PERFORMANCE TEST, RESULTS AND DISCUSSION
Machine Test Procedures
The fish feed was prepared using the standard feed formula.The fish feed content includes: maize, cassava, GNC, SBM, Fish meal, Oyster shell, premix, bone meal, lysine,oil, methionine and salt. The methods of feed formulation vary from one region to another, however it involves the combination and blending together of feed ingredients (based on individual formula) into nutritionally balanced and economically sound diet that can be used in required amount to provide the level of production desired in fish cultivation. Normally, the protein level in formulated feeds is about 30-32 percent for the nursery stage (5-20 g). This value decreases with increasing fish size, the lowest value (22-26 percent) occurring at a size of >500 g. Similarly, the lipid level of the diet changes with fish size appropriate to the requirement, which varies from 4-6 percent. Two essential amino acids which are often supplemented in the feed are methionine and lysine. Different kinds of vitamin C are also used in MPF -for instance, "stay C", which is stable at high temperature has been used in extruded pellets. Furthermore, calcium and phosphorus may be added to the diets. The FMF usually has a low protein content. The diet is usually formulated from local ingredients such as fishmeal, trash fish, soybean meal, soybean cake, rice bran, broken rice, cassava, dry fish, etc. The formulation varies with the size of the fish [8] . showing the different sizes of pelletized fish feed from dies of 2mm, 4mm and 6mm diameters respectively. Pellets are small particles typically created by compressing original materials. Pellets are majorly in single shape. Some pellets are a small, compressed, hard chunk of matter, usually round "small ball" or small short cylindrical shape.The reason for producing the fish feed in pellet form is to enable the fishes have easy access and proper consumption of the feeds during feeding.The weight of feed collected through the dies was measured and recorded.
Results
The results obtained duringpelletizing operation at different moisture content and die diameters are presented in The result obtained during operation at different volume of water for 400ml, 500ml, and 600ml were also recorded accurately. Further analyses of the result were taken as follows; Tables (5-13) shows the result of testing data collected during the testing of the machine. Table 6 . Pelletizing result of 2 mm diameter die with 500 ml of water = 0. Note; (Table 5) 1ml The Tables 17, 18 and 19 below shows the relationship between the efficiency and feed rate. 
Discussion
The maximum machine efficiency is 91.5% at 600ml of water for the 6mm pellet orifice size. This may be due to relatively easy passage offered for the fish feed to feed due to its large size. The efficiencies of the machine with 4mm and 2mm orifice size are 86.01% and 84.6% respectively while the average total efficiency is around 88%. This also is applicable to its capacity. Hence, the composition of the feedstock is very important to its pelletization. From Table 13 , the optimum feedstock to water is 600 ml of water to 1.4 kg of dry feed.
Comparing the relationship between the quantities of water used to the quantity of dry feed, the graph illustrates that the efficiency of the machine when 600ml of water is added to dry feed is at its optimum level. Hence the quantity of water used in mixing the dry feed has an impact on the production thereby influencing the efficiency of the machine.
It was also observed that the pelletizing efficiency increases with moisture content at around 25% when the efficiency of the machine started to decrease. This may be due to clogging of wet feed between the barrel and the die disc as moisture content increases. For the moisture content of the fish feed ranging from 10% to 35%, the highest efficiency of pelletizing was obtained at 25% moisture for all the die diameters as seen in Table 2 , 3 and 4. 6mm die gave the highest value at 98% efficiency. This is comparable to the result obtained by Olusegun et al [10] . It was also observed that both the pelletizingefficiency and throughput of the machine increases with die diameters. This may be due to relatively easy passage offered for the fish feed as the die diameter increases. This also agrees with the result obtained by Abubakre et al. [11] . Kaankuka and Osu [6] who developed a revolving die and roller fish feed pelletizer also reported that pellets forming rate does decrease as moisture content decreases. The overall assessment of the machine showed that pelletizing operation at 25% moisture content using 6mm die diameter gave the highest efficiency of 98% and throughput of 86.75kg/hr.
CONCLUSION
In this research work, a fish feed pelletizer was designed and fabricated using locally available materials. The indigenous machine was tested using diesof different diameters and at different moisture content. The test results obtained shows that the pelletizing efficiency increases as moisture content and die diameter increase. The machine throughput also increases with both moisture content and die diameter. Highest efficiency of 98% was obtained when the moisture content was maintained at 25% wet basis and the feed materials were made to pass through 6mm die diameter.
RECOMMENDATIONS
a) The feed stuff should not be too dry or too wet during pelletizing operation. b) Government should subsidize and encourage the mass production of indigenous fabricated machines andmake it affordable to local farmers. c) There is need to orientate fish farmers about the formulation of nutritionally balanced, high quality feeds. d) Further analysis or test should be carried out on the machine with other compositions of feedstock. e) The machine should be operated by welltrained local operator for smooth operation and in order to achieve best output. Water content (600ml)
